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SOLAR RADIATION SENSOR 
BACKGROUND OF THE INVENTION 

The present invention relates to an apparatus for sensing the magnitude and 
intensity of solar radiation, especially a sensor for detecting solar radiation incident 
upon a vehicle which includes a controller for adjusting the air conditioning in 
response thereto. 

Solar radiation sensors have become popular for providing sensory input 
into automobile air conditioning systems that include means for separately 
controlling different areas within the passenger compartment. Some of these 
sensors include only two photodiodes, and roughly separate the solar radiation load 
and the passenger compartment into halves. These sensors may not provide 
sufficient resolution of the radiation load for some consumers. Yet other radiation 
sensors provide four photodiodes for improved resolution of the radiation load into 
quadrants, but mount the photodiodes on angled surfaces. This angled mounting 
results in more costiy and less reliable connections from the photodiodes to the 
corresponding conditioning circuitry. Further, some of these quadrant radiation 
sensors have excessive cross-talk onto one of the photodiodes from adjacent 
quadrants, and measure this cross-talk along with the radiation load of the correct, 
corresponding quadrant. This excessive cross-talk can result in poor overall 
system performance because the sensor includes too much averaging among the 
quadrants. A further drawback of some radiation sensors is the remote mounting 
of the conditioning circuitry from the photodiodes, with corresponding reliability 
problems. This latter drawback is especially apparent for those sensors which are 
mounted on parts of the vehicle where the sensor and conditioning circuitry cannot 
both be accommodated. 

What is needed then is an improved solar radiation sensor. The present 
invention provides such a sensor in a novel and unobvious way. 
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SUMMARY OF THE INVENTION 

One aspect of the current invention concerns an apparatus vAnch includes a 
vehicle with a passenger compartment. The compartment includes an air 
5 conditioner, the air conditioner being adjustable to vary the conditioning of the air 
provided within the compartment The apparatus also includes a controller for 
adjusting the air conditioner. There is also a radiation sensor that includes a 
channeled member, a diffuser, and at least four photodiodes. The channeled 
member defines at least four channels for transmission of radiation. The diSuser 

1 0 provides radiation to a smgle channel. Each photodiode is exposed to radiation 
fixnn a single channel and produces a signal in response thereto. The controller 
receives the signals and adjusts the air conditioner in response to the signals. 

In another aspect, the present invention concerns an apparatus comprising a 
channeled member, a difiiiser, and a plurality of photodiodes. The channeled 

1 5 member defines at least four channels, each channel being substantially collinear 
wifh each other channel. The channel member has a top and a bottom. The 
diffiiser is mounted proximate to the top of the channeled member. The diffuser is 
optically coupled to one channel. The plurality of photodiodes are mounted 
proximate to the bottom of the channeled member, each photodiode being optically 

20 coupled to a different one of the channels. 

These and other objects and advantages of the present invention will be 
apparent firom the claims, description, and drawings to follow. 
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DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a top plan view of one embodiment of an apparatus according to the 
present invention. 

5 FIG. 2 is a fh)ntal elevational view of the apparatus of FIG. 1. 

FIG. 3 is a right side elevational view of the apparatus of FIG. 1 . 
FIG. 4 is a bottom plan view of the apparatus of FIG. 1 . 
FIG. 5 is a cross-sectional view of the apparatus of FIG. 1 as taken along line S-S 
of FIG. 1. 

1 0 FIG. 6A is a top plan view of a cap according to one embodiment of the present 

invention. 

FIG. 6B is a cross-sectional view of the cap of FIG. 6A taken along line 6B-6B of 
FIG. 6A. 

FIG. 6C is a top and side perspective view of the cap of FIG. 6A. 
1 5 FIG. 7A is a top plan view of a difiuser according to one embodiment of the 

present invention. 

FIG. 7B is a cross-sectional view of the diffuser of FIG. 7A as taken along line 7B- 
TBofnG. 7A. 

FIG. 7C is a cross-sectional view of the diffuser of FIG. 7 A as taken along Ime 7C- 
20 7CofFia7A. 

FIG. 7D is a bottom plan view of the diffuser of FIG. 7A. 
FIG. 8A is a top plan view of a channeled member according to one embodiment 
of the present invention. 

FIG. 8B is a side elevational view of the channeled member of FIG. 8 A. 
25 FIG. 8C is a cross-sectional view of the channeled member of FIG. 8 A as taken 

along line 8C-8C of FIG. 8A. 

FIG. 8D is a side elevational view of the channeled member of FIG, 8 A as viewed 
from line 8D-8D of FIG. 8 A. 

FIG. 8E is a cross-sectional view of the channeled member structure of FIG. 8B as 
30 taken along line 8E-8E of FIG. 8B. 
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FIG. 9A is a top plan view of a circuit card and photodiodes according to one 
embodiment of the present invention. 

FIG, 9B is a perspective view of the circuit card of FIG. 9 A. 

FIG. 1 0 is a schematic view of a system according to one embodiment of the 
5 present invention. 

FIG. 1 1 is a schematic diagram of a circuit according to one embodiment of the 
present invention. 
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DESCRIPTION OF THE PREFERRED EMBODIMENT 

For the piirposes of promoting an understanding of the principles of the invention, 
reference will now be made to the embodiment illustrated in the drawings and specific 
5 language will be used to describe the same. It will nevertheless be understood that no 
limitation of the scope of the invention is thereby intended, such alterations and further 
modifications in the illustrated device, and such fiirther applications of the principles of 
the invention as illustrated therein being contemplated as would normally occur to one 
skilled in the art to which the invention relates. 
1 0 The present invention relates to a radiation-sensing apparatus which in one 

embodiment can determine which of four spatial quadrants the sun is in and the intensity 
of the sun. Electrical signals from the sensor are utilized by a controller within a vehicle 
to control a sub-system of that vehicle in response to the perceived location and intensity 
of the sun. In one embodiment of the present invention, a light-sensing apparatus SO 
1 5 provides electrical signals 202 to a controller 200 of an air-conditioning system for a 
vehicle 204. Included herein in its entirety is U.S. Provisional Patent Application Serial 
No. 60/065.375, filed November 12, 1997. 

In one embodiment of the present invention, the apparatus includes a difiuser with 
a plurality of angled facets. Each facet is optically coupled to a channel. These channels 
20 are defined within a channeled member structure. Radiation within the channel is 

provided to a photodiode proximate to one end of the channel, which is opposite of the 
end of the channel that is proximate the facet of the difiuser. Radiation striking the 
photodiode produces an electrical signal that is proportional to the radiation passing 
through the facet. In some embodiments of the present invention, the channels are 
25 polished so as to make the walls of the channel reflective and thus improve the overall 
transmission of radiation from the facet to the photodiode. 

The photodiodes of this invention are preferably moimted within the same plane on 
a circiut board. The center of each diode is approximately intersected by the centerline 
of the corresponding channel. Thus, the channels of the channeled member structure are 
30 preferably perpendicular to the radiation-receiving surface of the photodiode. Each 
photodiode generally receives light fix>m only a single quadrant based upon the angular 
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orientation of the corresponding facet Further, each photodiode is optically isolated 
from other diodes by fabricating the channeled member structure from an opaque 
material such that light within one channel is not transmitted to another channel. In 
addition, a separator at the bottom of the channeled member structure optically isolates 
5 each photodiodes from other photodiodes. This separator is cross-shaped so as to not 
interfere with the electrical connection of the photodiodes leading to the edge of the 
circuit card. 

The difiuser preferably includes a plurality of generally flat faceted surfaces. Each 
facet provides an entry for light into a channel defined within the channeled member 

1 0 structure and optically coupled to the facet. Each facet is preferably inclined from about 
30 degrees to about 60 degrees relative to the centerline of the corresponding channel. In 
addition^ each faceted surface is angled relative to each other faceted surface. In one 
embodiment of the preferred invention, this facet to facet angle is about 90 degrees. 
Preferably, each facet also extends for an arc of about 90 degrees. Preferably, each facet 

1 5 collects radiation in proportion to the cosine of the angle of incidence of the radiation. 
For example, there is peak collection by the facet of radiation perpendicular to the plane 
of the facet. There would be about 70% collection of radiation that frills 45 degrees 
incident to the plane. In this embodiment, a four-faceted sensor apparatus would collect 
radiation from 360 degrees surrounding the sensor apparatus. 

20 The present invention also includes those embodiments in which the difiuser does 

not include a plurality of planar facets. For example, each channel could include a 
separate difiuser which could be planar or have rounded contours in shape. As another 
example, some embodiments of the present invention include a single difiuser that has a 
hemispherical, bubble, or bullet shape. 

25 Although what has been shown and described is an apparatus with four light- 

transmitting channels arranged compactly in a 2 X 2 array, the present invention also 
contemplates other configurations. For example, the four channels could be arranged in 
a linear fashion, or 1 X 4 array, with each chaimel having a facet receiving radiation from 
a different quadrant of the surroundings. Also, the present invention contemplates 

30 channeled member structures with more than four chaimels. For example, there can be 
embodiments in vAiich there are, for example, six chaimels, with each channel receiving 



it 
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light from a different angular portion of the sunroundings. As a further example, a five- 
channel structure is contemplated, wherein a fifth centered channel receives light from a 
facet that is generally perpendicular to the center line of the corresponding fifth channel. 
FIGS. 1-4 show various orthogonal views of an apparatus according to one 
5 embodiment of the present invention. FIG. 1 shows a solar radiation-sensing apparatus 
50. Apparatus 50 includes a protective body 7 fabricated from polyester. Apparatus 50 
is useful for sensing the location and intensity of a source of radiation such as the sun, 
and determining which of four quadrants the source is in. An electrical connector for 
providing power to apparatus 50 and also for transmitting signals from apparatus 50 is 

1 0 provided on one end of body 7. A retaining clip 3, preferably fabricated from stainless 
steel, is generally centered on body 7. 

FIG. 5 is a cross-sectional view of the apparatus of FIG. 1 as taken along 5-S of 
FIG. 1 . Apparatus 50 includes a translucent cap 1 which permits the passage of light to 
the mterior of apparatus 50 and also, in conjunction with o-ring 9 and body 7, provides a 

1 5 weather tight seal for the internal elements of apparatus 50. In one embodiment of the 
present invention cap 1 is fabricated from a polycarbonate material. Located undemeath 
cap 1 is translucent difiuser 2. Difiuser 2 is preferably fabricated from a material such as 
Delryn 527, with natural color, and rated UV NCOIO. Located xmdemeath diffuser 2 is 
channeled member 5, which is preferably fabricated from an opaque material such as a 

20 polyester. However, the present invention also contemplates other materials, including 
the use of metals such as aluminum or steel, as well as other opaque materials, for the 
channeled member 5. 

Located \mdemeath channeled member 5 is a generally planar circuit board 8 
preferably fabricated from an epoxy resin and containing various electronic circuits and 

25 devices, including four photodiodes 54. The bottom of body 7 is covered with a body 
cover 6. Both body cover 6 and body 7 are fabricated from opaque materials such as a 
polyester. 

FIGS. 6A, B and C show various views of a cap according to one embodiment of 
the present invention. In one embodiment of the present invention cap 1 is fabricated 
30 firom a polycarbonate material such as GE LEXAN 143 or equivalent. Cap 1 protects 
portions of apparatus 50, and preferably also hides the internal components of apparatus 
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SO fix>in view. Cap 1 preferably appears opaque, but transmits infrared energy. 1 
preferably does not appreciably afifect the angular response of qiparatus SO. The 
surfaces of cap 1 and the surfaces of difiuser 2 are finished to SPI/SPE No2, primarily 
for cosmetic reasons. 

5 FIGS. 7A, B, C and D, show various views of a diffuser according to one 

embodiment of the present invention. Diffuser 2 preferably includes four facets 56 a, b, 
c, and d. Each facet 56 preferably occupies about a 90 degree arc of diffuser 2. Each 
facet 56 is preferably inclined at an angle 58 relative to the centerline 65 of the 
corresponding channel of the tower. In the preferred embodiment this inclined angle is 

1 0 about 45 degrees. However, the present invention also contemplates inclined angles 
between about 30 degrees and 60 degrees from the corresponding centerline. In one 
preferred embodiment of the present invention each facet 56 has a generally planar 
surface, and the planar sur&ce of each facet is generally perpendicular to the planar 
surface of each other facet. The four facets 56a, 56b, 56c, and 56d of difiuser 2 thus 

1 5 point toward four different quadrants of the area above radiation-sensing apparatus SO. 

FIGS. 8A, B, C, D, and E show various views of an elongated chaimeled member 
structure according to one embodiment of the present invmtion. Channeled member 5 
preferably incorporates four gently cylindrical channels 60a, b, c, and d, which 
receive light from a corresponding facet 56a, b, c, or d. Each channel 60a, b, c, or d 

20 includes a corresponding upper frice 62 a, b, c, or d, which is inclined relative to 

centerline 65 of the channel about the same angle of inclination as &cets 56. However, 
the present invention also includes those embodiments in which the upper face of a 
channel is inclined at an angle different than the angle of the facet, including faces that 
are generally perpendicular to the centerline of the channel. 

25 As seen best in FIGS. 8A and 8E, channels 60 are preferably arranged in a 2 x 2 

array, with each centerline 65a, b, c, or d, of a channel 60a, b, c, or d, being parallel to 
the other centerlines of other channels. This preferred arrangement of substantially 
parallel cylindrical channels both reduces manufacturing costs and also enhances 
throughput of radiation fix>m the diffriser, in comparison to designs that include angled or 

30 bent channels. In the preferred orientation of radiation-sensing apparatus 50, channels 60 
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are substantially vertical ^en apparatus SO is installed on a vehicle. Difiuser 2 
interfaces with and is preferably in contact with top 70 of channeled member 5. 

The interior walls 63 of chaxmel 60 are preferably finished to a level of Society of 
Plastics Industry / Society of Plastics Engineers SPI/SPE No. 2. The level 2 fmish is 
5 useful for improving the reflectance of the channel walls and the transmission of light 
through channels 60 to the photodiodes. This smooth, reflective finish for the interior 
walls of channels 60 is helpful in permitting a reduction in the amplification of the 
photodiode signals which would otherwise be needed. Also, having a reflective finish to 
the interior walls permits channels 60 to be increased in length for the same 

1 0 amplification, the increased length permitting more options in the placement of sensor SO 
on a vehicle. Preferably, the outer surfaces of channeled member S are generally 
finished to SPI/SPE No. 3. 

Diffiiser 2 is indexed to channeled memhesr 5 such that each fiicet S6a, b, c, and d, 
is generally aligned with a single channel 60a, b, c, or d. This indexing is maintained by 

15 the interfiice of a plurality of female indices 64 of channeled member 5 that accept a 
plurality of male indices 66 on difi[user 2. As described, each facet is optically coupled 
to one channel. Light energy reaching facet S6b for example will be transmitted into 
channel 60b, with little crossover of radiation into other channels. 

FIGS. 9A and B are views of a generally planar circuit card according to one 

20 embodiment of the present mvention. Circuit card 8 as shown m FIGS. 9A and 9B has 
on it four photodiodes S4a, b, c and d, arranged to correspond to the arrangement of the 
chaimels S6. The photodiodes S4 are mounted within a single plane, thus improving 
manufacturability and reliability, and lowering sensor cost. Other electrical components 
including resistors, transistors, capacitors, integrated circuits, and other devices are also 

25 mounted to circuit card 8. Many of these components are depicted schematically in FIG. 
11. For sake of clarity, these other components are not shown in FIGS. 9 A and 9B. 

Circuit card 8 defines a locating hole 76 in the middle of photodiodes S4. Pin 74 
of channeled member S fits within locating hole 76, and assists in aligning a channel 
with a corresponding photodiode. Light transmitted through a channel 60 is transmitted 

30 and is incident upon a single photodiode S4. For example, light transmitted through 
facet S6a is transmitted through channel 60a and falls incident onto photodiode S4a. A 
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cross shaped separator 68 at the bottom 72 of channeled member S insures that light 
transmitted along one channel does not excite any photodiode except for the photodiode 
optically coupled to the particular channel. Each of the photodiodes 54 are silicon 
photodiodes in a preferred embodiment of the present invention. In that embodiment 
5 photodiode 54 is equivalent to a model ETOl 06 pin silicon photodiode provided by East 
Texas Integrated Circmts. 

FIG. 1 1 is a schematic diagram of a circuit \iseful with the present invention. Each 
photodiode 54A, B, C and D, is electrically connected to a coirespondmg buffer 
amplifier 78. The output of amplifiers 78A, B, C or D is provided to microprocessor 80. 

10 In one embodiment of the present invention, the other circuitry shown on FIG. 1 1 , 

known to those of ordinary skill in the art, is usefiil for operation of microprocessor 80. 

FIG. 10 schematically depicts a system in which a sensor SO mounted to a vehicle 
204 inx)vides signals 202 to a controller 200 which operates the air conditioning system 
of a vehicle 204. Radiation 105 falling incident upon a diffiiser 2 is provided through a 

1 5 facet into a channel and onto a photodiode. As an example, apparatus 50 can be oriented 
such that fecet 56a is toward the left front of the vehicle, and facet 56c is toward the right 
rear of the vehicle. With such an orientation for apparatus 50, when the sun is in the 
quadrant of sky toward the left firont of the vehicle, photodiode 54a will produce a 
stronger output than photodiode 54c. The corresponding electrical signals from 

20 photodiodes 54a and 54c are transmitted to controller 200. Controller 200 adjusts the air 
conditioning of the vehicle so as to account for the increased heating of passenger 
compartment 75 on the left fix>nt side of the vehicle, and can also adjust the air 
conditioning to the right rear area of passenger compartment 75 to account for the 
decreased radiation heating. 

25 Each channel 60 is made of a length 61 and a diameter 59. In one preferred 

embodiment, length 61 is established so as to permit apparatus 50 to be installed through 
an aperture, such as an aperture defined in an air intake grille of vehicle 204. In such an 
installation, the top, rounded portion of cap 1 proximate to difiuser 2 would protrude 
through the grille and be exposed to radiation received from the sun. The generally 

30 cylindrical portion of cap 1 would pass through the aperture in the grille. The body 7 of 
apparatus 50 would be located undemeath the grille. 
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In a preferred embodiment, the combination of an angled, faceted difiiiser 
providing light through a 2 X 2 array of channels onto a corresponding planar array of 
photodiodes results in an apparatus that is low cost and reliable. By mounting the 
photodiodes in planar fashion onto the same circuit board that includes the photodiode 
5 conditioning circuitry, the long lead wires used in some radiation sensors to connect the 
photodiodes to the conditioning circuitry are eliminated. The elimination of long lead 
wires results in both lower manufacturing costs and improved reliability during use. By 
coupling the difiiiser to the photodiodes through an elongated channeled member, the 
radiation-collecting difiuser can be located where the radiation can be best collected, 

1 0 while permitting the photodiodes and conditioning circuits to be located in close 

proximity to the dififuser, yet unobtnisively mounted so as to not spoil the aesthetics of 
the vehicle. Software for conditioning the signals of the photodiodes is well within the 
ordinary skill in the art 

While the invention has been illustrated and described in detail in the drawings and 

1 5 foregoing description, the same is to be considered as illustrative and not restrictive in 
character, it being understood that only the preferred embodiment has been shown and 
described and that all changes and modifications that come within the spirit of the 
invention are desired to be protected. 
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WHAT IS CLAIMED IS: 

1 . An apparatus comprising: 

a vehicle with a passenger compartment, said compartment including an air 
5 conditioner, said air conditioner being adjustable to varying the conditioning of the air 
provided within said compartment; 

a controller for adjusting said air conditioner, and 

a radiation sensor, said sensor including a channeled member, a difiRiser, and at 
least four photodiodes, said channeled member defining at least four parallel channels for 
1 0 transmission of radiation, said difiuser providing radiation to each channel, each said 
photodiode being exposed to radiation from a single channel and producing a signal in 
response thereto; 

wherein said controller receives said signals and adjusts said air conditioner in 
response to said signals. 

15 

2. The apparatus of claim 1 wherein each channel has a centerline, said 
difiuser includes at least four facets, and each facet is inclined about thirty to sixty 
degrees from the centerline. 

20 3. The apparatus of claim 2 wherein each facet is inclined about forty five 

degrees from the centerline. 

4. The apparatus of claim 1 wherein said channeled member is fabricated 
from a material that is substantially opaque. 

25 

5. The apparatus of claim 2 wherein each said facet has a substantially planar 
surface. 
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6. The apparatus of claim S wherein each planar surface is generally 
perpendicular to each other planar surface. 

7. The apparatus of claim 1 wherein said channeled member defines four 
5 chaimels, each channel being generally parallel to each other channel. 

8. The apparatus of claim 1 which further comprises a substantially planar 
circuit board, wherein said photodiodes are mounted on said circuit board within a single 
plane. 

9. An ^paratus comprising: 

a channeled member defining at least four channels, each said channel being 
substantially collinear with each other said channeU said channeled member having a top 
and a bottom; 

a diffuser mounted proximate to the top of said channeled member, said diffuser 
being optically coupled to said channels; 

a plurality of photodiodes moimted proximate to the bottom of said channeled 
member, each said photodiode being optically coupled to a different one of said 
channels. 

10. The apparatus of claim 9 wherein said dififiiser includes a facet for each 
said channel, each said facet has a generally planar sur&ce, and the surface of each said 
facet is generally perpendicular to the surface of each other said facet. 

25 11. The apparatus of claim 9 wherein each said chaimel has a centerline and 

said channeled member defines an upper face for each said channel, each said upper face 
being inclined between 30 degrees and 60 degrees from the corresponding channel 
centerline. 
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12. The apparatus of claim 9 Avfaich further comprises a substantially planar 
circuit board, wherein said photodiodes are mounted on said circuit board within a single 
plane. 

13. The apparatus of claim 9 vAiich further comprises a protective cap which 
covers portions of said difiuser and said channeled member. 
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